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INTRODUCTION 
In the United States, the advantage of conservation 
tillage in reducing soil erosion, as well as the other 
advantages (i.e., water conservation), are recognized. A 
common practice is that, after harvest, crop residues have 
been left on the soil surface or incorporated into the soil 
to provide control of soil erosion. With such practice the 
decrease in yield of the same crop or the different crop 
arises when it is planted in the following year. The 
decrease in yield under such condition is associated with 
the presence of the residue of the previous crop. 
The results from several studies indicated that some 
substances released from the previous crop may be inhibitory 
or stimulatory to some growth aspects of the succeeding 
crops. This phenomenon is known as allelopathy. Sources of 
allelopathic substances (or allelochemicals or phytotoxins) 
are the living plants (Nielson et al., 1950; Lawrence and 
Kilcher, 1962; Guenzi et al., 1957) and crop residues during 
the decomposition process (McCalla and Norstadt, 1974). The 
possibility that the phytotoxins may be produced by 
microorganisms was recognized as well (McCalla, 1971). 
Several classes of organic acids have been isolated 
from plants, soil, and microbes; namely, phenolic compounds, 
aliphatic acids, aromatic acids, tannins, alkaloids, etc. 
(Putnam, 1983). Some of these substances, which are 
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produced during the decomposition process of crop residues 
or released from living plants, persist in the soil for only 
a short period of time. Sufficient evidence existed that 
under some specific environmental conditions these organic 
substances might have reached such levels that were toxic to 
plant growth (McCalla and Haskins, 1964; Whitehead, 1964). 
Field symptoms which have been thought to be related to 
phyto toxicity of allelochemicals may vary with plant 
species. However, the following are commonly reported; 
reduced germination, loss of seedling vigor, seedling death, 
leaf yellowing, reduced tillering, and stunted and deformed 
roots or top parts (McCalla et al., 1963; Rice, 1974). 
The positive effects of crop rotation on crop yields 
have been recognized and exploited for centuries. An 
example is com (Zea mays L. ) and soybean (Glycine max (L. ) 
Merr. ) rotation which has been one of the most widely 
practiced cropping systems around the world. In addition, 
evidence has been established through field experiments, as 
well as experienced by the farmers, that both corn and 
soybean yielded better when they were grown in the fields 
previously planted to the other crops than when they were 
grown continuously. This result occurs in spite of all the 
management inputs which are imposed in the field. Several 
reports have implied that the preceding corn crop inhibited 
growth of the succeeding corn, and the preceding soybean 
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.stimulated growth of the succeeding corn. Thus, the most 
important need at present is to investigate if the yield 
difference between com in a continuous corn and corn 
following soybean is due to the inhibitory effect of the 
preceding corn, or the stimulatory effect of the preceding 
soybean, or the combination of them. 
The objectives of this study were (1) to evaluate the 
inhibitory effect of the previous corn, (2) to evaluate the 
stimulatory effect of the previous soybean, and (3) to 
determine crop residue, hybrid or cultivar, and crop 
developmental stage effects on grain yield of the subsequent 
corn crop. Detection of the existence of allelochemicals in 
the soil was pursued by duckweed (Lemna minor L.) bioassay 
(Einhellig et al., 1985) as well. 
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LITERATURE REVIEW 
Allelopathic Effects of Corn and Other Cereal Crops 
Major cereal crops have been shown to have allelopathic 
influences. Continuous planting of wheat (Triticum aestivum 
L.) in the production belts of the United States, Australia, 
and the Union of Soviet Socialist Republics has sometimes 
resulted in yield reduction of wheat, especially when the 
straw was left in the field and a cool, wet season occurred 
(Einhellig, 1985). 
Regardless of tillage system, Bhowmik and Doll (1982) 
found that corn residue reduced corn yield as compared to no 
residue treatment. However, corn root worm infestation 
interfered with the effects of corn residue in this 
experiment. Earlier, Guenzi et al. (1957) reported that 
corn and sorghum (Sorghum bicolor L.) residues had 
considerably toxic materials at harvest and required about 
22 to 28 weeks of decomposition before the water-soluble 
portion of the residues was relatively non-toxic. 
The organic compounds released from the decomposing 
corn residue in soil, which were phytotoxic to seed 
germination, were identified by Chou and Patrick (1976). 
Under idea.'' decomposition conditions, p-coumaric acid: one 
of the five major phenolic acids released from corn, wheat, 
sorghum, and oat (Avena sativa L.) residues, might be 
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released in sufficient quantity in localized areas of the 
soil to affect plant growth (Guenzi and McCalla, 1966). 
The effect of corn residue age and placement on early 
corn growth were reported by Yakle and Cruse (1983). They 
showed that fresh residue reduced root and shoot weights 
more than partially decomposed corn residue. The effects 
were most notable when roots came into contact with a 
residue layer. The reduction of growth could not be • 
explained by nitrogen immobilization by microorganisms 
during residue decomposition and residue effect on water 
management (Yakle and Cruse, 1983). The higher salt 
concentration in the residue extract from corn had little 
effect on its allelopathic role, although the water-soluble 
phytotoxins may have been absorbed or chemically altered as 
they moved in the soil (Yakle and Cruse, 1984). 
Field allelopathy is cyclical in nature (Cochran et 
al., 1977; Patrick et al., 1953). Garcia (1983) found that 
the concentrations of the inhibitors in the soil were high 
in the spring and during July to September. However, during 
June the soil was slightly stimulatory. Patrick et al. 
(1963) have reported periodic phytotoxic activity from the 
extracts of wheat and barley (Hordeum vulqare L.) residues 
as well. 
Pollen grain of corn has high allelopathic potential. 
Jimenez et al. (1983) reported that pollen grain of corn, at 
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the concentration which is commonly present in the soil, 
strongly inhibited growth of several plants. The least 
inhibition (28%) was observed in unsterilized soil and the 
strongest inhibition (54%) was found in sterilized soil. 
This result emphasized the role of microorganisms in 
dissipating the allelopathic effect of pollen grain. 
Phytotoxicity may vary with corn genotypes. Yakle and 
Cruse (1984) stated that plant residue toxicity varied with 
both the residue types and the test plant species. Hicks 
and Peterson (1981) planted five corn hybrids with each 
hybrid following itself and the other hybrids. They 
reported autotoxicity of hybrids and variation in the effect 
of previous hybrid on grain yield of the subsequent hybrids. 
In contrast to corn residue reducing corn yield, Crookston 
(1982) reported corn residue did not reduce grain yield of 
corn, but rather it increased yield of corn. He also 
proposed that "anti-corn bodies" might be involved. 
Evidently, corn has a strong allelopathic potential and 
the allelopathic effects of corn have been mainly 
inhibitory. 
Allelopathic Effects of Soybean and Other Legumes 
Several investigators have reported that root exudates 
from leguminous crops inhibited growth of other crops 
(Newman and Rovira, 1975; Nicollier and Thompson, 1982; Pope 
7 
et a l . ,  1983). Root exudates of soybean significantly 
reduced dry weight of radish (Raphanus sativus L.) and 
turnip (Brassica repa L.), but significant differences were 
not observed in corn and soybean in response to soybean root 
exudates (Tsuzuki and Kawagoe, 1984). 
In 1975, chopped-alfalfa (Medicago sativa L.), when 
applied to the soil, was reported to stimulate the growth of 
tomato (Lycopersicon esculentum L.), cucumber (Cucumis 
sativum L.), lettuce (Lactuca sativa L.), and several other 
Crops (Einhellig, 1985). Also, Anderson (1984) stated that 
work done by Ries and his colleagues showed that alfalfa 
meal placed beside rows of corn increased yield of corn more 
than the nitrogen-fertilized corn. Since the extract from 
alfalfa showed the growth-regulating activity of 
triacontanol (Reis and Houtz, 1983), several researchers 
proposed that triacontanol was responsible for the increase 
in yield of corn when alfalfa meal was applied. Soybean 
leaves have high levels of triacontanol as well (Cruse et 
al., 1985). 
In a greenhouse experiment, Assumpcao (1979) 
incorporated soybean residue into soil and planted corn. 
The results revealed that seedling height and weight of corn 
were stimulated by soybean residues. Exudates from soybean 
roots may represent a source of potential allelochemicals. 
Granato et al. (1983) identified potential allelochemicals 
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in soybean roots of five cultivars at seven stages of growth 
(emergence to senescence). Fifteen major peak, identified 
by using HPLC, were found in all cultivars at most growth 
stages and two out of fifteen peaks were identified 
tentatively as daidzein and coumestrol. Concentration of 
compounds extracted from roots increased dramatically as 
plants approached nodulation and flowering and then 
decreased to initial levels as the plant matured. Recently, 
Kalantari (1981) reported seedling growth of corn was 
stimulated by soybean residue. He also reported that the 
longer the soybean residue interacted with the soil, the 
greater the stimulatory influence. 
Corn-Soybean Rotation: Effect on Corn Yields 
Considerable reseach data from the corn belt has 
established that corn following soybean yielded greater than 
continuous corn (Langer and Randall, 1381; Shrader and Voss, 
1980). Higgs et al. (1975) reported continuous corn yielded 
502 kg ha'i less than the yield of corn in rotation. A 
similar magnitude of yield reduction of corn in continuous 
com, as compared to corn in rotation, was obtained by Slife 
(1976). Furthermore, the yield advantage for corn in 
rotation over continuous corn remained even after as much as 
224 kg ha'i of nitrogen was applied (Hicks and Peterson, 
1981). 
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At Urbana, Illinois, the average yield of corn over 
four years in corn-soybean rotation was 1,444 kg ha"^ 
greater than the average yield of corn in continuous corn 
(Welch, 1977). Barber (1978) also demonstrated the benefit 
of soybean, in crop rotation, on corn yield. With 
continuous corn, fallow-corn, soybean-soybean-corn, and 
soybean-corn rotation systems the average corn yields were 
8,851; 10,107; 9,793; and 10,044 kg ha'", respectively. In 
contrast, Crookston (1984) reported no benefit of soybean in 
either soybean-corn or soybean-soybean-corn system, on corn 
yield. • Moreover, he showed that there was a yield advantage 
of continuous corn over corn yields in rotation. 
Additionally, Chui and Shibles (1984) studied the influence 
of spatial arrangements of corn on performance of an 
associated soybean intercrop. Interestingly, at some 
spatial arrangements and at some nitrogen fertilizer levels, 
they observed greater intercropped corn yield than 
monocropped yield. The result may imply that the associated 
soybean may increase corn yield through the stimulatory 
allelochemicals released from the associated soybean. 
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MATERIALS AND METHODS 
Field Allelopathy 
The experiments were conducted at the Iowa State 
University Agronomy and Agricultural Engineering Research 
Center, Boone, Iowa. At the Agronomy farm, the soil type 
was a Webster clay loam. Two identical experiments were 
conducted in different years, 1983/1984 and 1984/1985. The 
cultural practices and management of the field during 1983 
and 1984 for the 1983/84 experiment are shown in Table 1. 
In 1983 a split-split plot (with main plots were not 
randomized) in randomized complete block design was used 
with four replications. Corn and soybean in strips 
constituted the main plots. The sub plots were late, early, 
and mid-season hybrids of corn with three planting dates 
imposed on the mid-season hybrid (Fig. 1). The intended 
planting dates for the mid-season hybrid were May 15, June 
30, and July 30. Late and early corn hybrids were planted 
only on May 15. With various planting dates of the mid-
season hybrid, different developmental stages of corn were 
achieved at the end of the growing season. Therefore, the 
effect of the crop developmental stages could be determined. 
The identical procedures were applied to soybean. 
Late, early, and mid-season soybean cultivars were used 
(Table 1). The maturity group of the soybean cultivars. 
Table 1. Cultural practices and management during 1983 and 1984 for the 1983/84 
experiment at the Agronomy Farm 
Management Oat Corn Soybean 
1983 
Planting date 
2nd & 3rd 
planting date 
Hybri d/cultivar 
Fertilization 
(kg N ha^l) 
Plant density 
(plant ha"l) 
Herbicide 
Insecticide 
May 6 
Ogle 
56 
89.7 kg 
seed ha~ 
Not. applied 
Not applied 
May 11 
June 30 and August 1 
Early - Pioneer 3992 
Mid - Pioneer 3732 
Late - Pioneer 3165 
168 
61,770 
May 13 
June 30 and August 1 
Early - McCall 
Mid - Harcor 
Late - Bragg 
0 
370,645 
-1 Lasso 4E, 3.36 kg a.i. ha ^ + Bladex 4L, 
1.12 kg a.i. ha~^ 
and soybean 
were applied for both corn 
Counter 20G, 1,12 kg a.i./ha"^ was applied 
for both corn and soybean 
Harvesting date July October 21 October 21 
^NA = not applicable. 
Table 1. (Continued) 
Management Oat Corn Soybean 
Hybrid 
Planting date 
Fertilization 
Herbicide 
Insecticide 
Soil sample 
Harvesting date 
1984 
The entire field was planted to Pioneer 3732 corn only 
May 18 
Urea (46% N) at the rate of 224 kg N ha~^ 
Same as 1983 
Same as 1983 
Soil samples were taken for Lemna bioassay on June 19 and 20 
September 28 
13 
1 I » I t I 
1 Oat Î Com i Oat j Soybean | Oat i 
L 
+ 
^5 
+ 
E 
+ + 
+ 
L 
+ 
E 
+ + 
+ 
^6 
+ 
— 
— -
— 
— — 
— 
— 
— 
— —  — — 
- -
Fig. 1. Illustration of experimental field at the Agronomy 
Farm; for either corn or soybean; L = late, E = 
early, M = mid-season; 5, 6, 7 = May 15, June 30, 
July 30; + and - = crop residues incorporated and 
removed, respectively. I, II, II, and IV represent 
replications 
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Bragg, Harcor, and McCall is classified as group VIII, II, 
and 00, respectively. The selection of corn hybrids and 
soybean cultivars was such that they represented a wide 
range of maturity groups. At the end of the growing season 
the crops were harvested and the residues, the sub-sub 
plots, were either removed (- residue) out of the field, or 
shallowly incorporated (+ residue) into the soil with 
moldboard plow. 
One day after the first killing frost occurred, the 
stage of crop development was determined and recorded (Table 
2). For corn, the stage of development was determined 
according to Ritchie and Hanway (1982) and the method 
developed by the Iowa State University Cooperative Extension 
Service (1982) was used for soybean. 
Oat variety Ogle was drilled in three strips across the 
field and used as the control plots (Fig. 1). Corn and 
soybean were planted in 76 cm row spacing. The sub-sub plot 
size was 3.04 m by 10.70 m with four rows per plot. 
The treatments in 1983 were: 
1) crops, corn and soybean, as main plots, 
2) late, early, and mid-season with three planting 
dates for both corn and soybean, as sub plots, and 
3) + and - residues, as sub-sub plots. 
After the crops were harvested, at the end of the 
growing season, the field was marked so that the subsequent 
15 
Table 2. Growth stages of com and soybean at the end of 
the 1983 growing season, for the 1983/84 experi 
ment and of the 1984 growing season, for the 
1984/85 experiment at the Agronomy Farm 
Com Soybean 
Hybrid/ 
cultivar 
Growth 
stage Date 
Growth 
stage Date 
1983 arowina season 
Early R5 AUyùaC 20 R8 August 15 
Mid-season 
May 15 R5 September 9 R8 September 9 
June 30 R4 September 23 R6 September 23 
July 30 VT September 23 R4 September 23 
Late R6 September 23 R4 September 23 
1984 arowina season 
Early R6 August 30 R8 August 30 
Mid-season 
May 15 R6 September 20 R8 September 20 
June 30 R4 September 26 R7 September 26 
July 30 V14 September 26 R5 September 26 
Late R5 September 26 R1 September 26 
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corn in 1984 was planted exactly in the same plots of the 
respective treatments planted in 1983. 
In 1984 the entire field was planted to only the corn 
hybrid Pioneer 3732. Corn was overseeded and thinned to the 
recommended plant population. The cultural practices and 
management of the field are illustrated in Table 1. To 
detect the allelochemicals in the soil from the previous 
crops, ten soil samples were taken on June 19 and 20 of 1984 
from each plot and bulked. After well hand-mixed, one sub 
sample was taken from the bulked soil. Then, the soil 
samples were kept in the freezer for Lemna bioassay. The 
plots were harvested mechanically. No data were taken for 
corn and soybean in 1983. The following parameters of the 
subsequent corn were measured: 
1) number of silked plants per plot 
2) plant height at harvest 
3) number of ears per plant 
4) grain yield 
5) kernel weight 
Number of silked plants, as a measure of days to 
silking, were obtained on July 28, 1984. For each plot, ten 
plants were counted in from the border end of the two middle 
rows and the number of silked plants were recorded. Corn 
plant height was measured from the soil surface to the 
panicle base of the plant. The total number of ears and 
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total number of plants were counted from the two middle rows 
of each plot. The number of ears per plant was obtained by 
dividing the total number of ears with the total number of 
plants. The two middle rows of each plot were harvested by 
machine for yield determination. Corn grain yield was 
adjusted for plot length and determined at 15.5 % moisture. 
All the parameters measured were expressed as the 
percentage of the average of the corresponding parameter 
obtained from corn planted on the plots of the same 
replication which had been planted to oat as the previous 
crop. 
The 1983/84 experiment was repeated in 1984 and 1985. 
The identical treatments were set up in the field next to 
the 1983/84 experiment. Plots received similar cultural 
practices and management (Table 3). The soil samples were 
taken on June 20 and 21 of 1985 for detecting the 
allelochemicals by the Lemna bioassay. The following 
parameters were measured: 
1) number of silked plants 
2) plant height at harvest 
3) number of ears per plant 
4) grain yield 
5) kernel weight 
All of the parameters measured were expressed as the 
percentage of the average of the corresponding parameter 
Table 3. Cultural practices and management during 1984 and 1985 for the 1984/85 
experiment cit the Agronomy Farm 
Management Oat Corn Soybean 
1984 
Planting date 
2nd and 3rd 
planting date 
Hybri d/cultivar 
Fertilization 
(kg N ha-1) 
Plant density 
(plant ha~^) 
Herbicide 
Insecticide 
May 10 
NA^ 
Ogle 
56 
89.7 kg_i 
seed ha 
Not applied 
Not applied 
May 21 
July 2 and July 31 
Early - Pioneer 3995 
Mid - Pioneer 3732 
Late - Pioneer 3165 
168 
61,770 
May 23 
July 2 and July 31 
Early - McCall 
Mid - Harcor 
Late - Bragg 
0 
370,645 
-1 Lasso 4E, 3.36 kg a.i. ha^^ + Bladex 4L, 
1.12 kg a.i. ha"l 
and soybean 
were applied for both corn 
Counter 20G, 1.12 kg a.i. ha""^ vas applied for 
both corn and soybean 
Harvesting date July November 8, for both corn and soybean 
®NA = not applicable. 
Table 3. (Continued) 
Management Oat Corn Soybean 
Hybri d 
Planting date 
Fertilization 
Herbicide 
Insecticide 
Soil sample 
Harvesting date 
1985 
The entire field was planted to Pioneer 37 32 corn only 
May 13 
Urea (46% N) at the rate of 224 kg N ha"^ 
Same as 1984 
Same as 1984 
Soil samples were taken for Lemna bioassay on June 20 and 21 
October 14 
20 
obtained from corn planted on the oat plots the previous 
year. 
The expectations of the results are: 
1) corn has an inhibitory effect in which 
a) the strongest inhibition comes from late corn 
hybrid, 
b) the moderate inhibition comes from mid-season 
corn hybrid with May-planted corn > June-planted 
corn > July-planted corn, 
c) the weakest or no inhibition comes from early 
corn hybrid, 
2) soybean has a stimulatory effect in which 
a) the strongest stimulation is from late soybean 
cultivar, 
b) the moderate stimulation is from mid-season 
soybean cultivar with May-planted soybean > June-
planted soybean > July-planted soybean, 
c) the weakest or no stimulation is from early 
soybean cultivar, 
3) oat does not have an allelopathic effect on corn. 
To compare a treatment mean in these two experiments 
with 100%, the value for oat control plots, another LSD 
value must be used. The following formula is used to 
calculate the LSD: 
LSD = t(.05)/(s2/n)i 
21 
(see the derivation of the formula in Appendix). 
Lemna Bioassay 
Investigations in allelopathy often require the use of 
bioassay for evaluating limited quantities of the potential 
allelochemicals. The Lemna bioassay developed by Einhellig 
et al. (1985) was used for detecting allelochemicals from 
soils in the experiments. The bioassay is very sensitive 
and can be used for testing allelochemicals at uM levels. 
Lemna stock cultures were grown in cotton-stoppered 125 
ml Erlenmeyer flasks containing 50 ml of nutrient medium. 
The composition of the nutrient medium in mg 1"^ of final 
solution was as follows: KHgPO^, 680; KNO3, 1515; CafNOsjz 
4H2O, 1180; MgSO, 7H2O, 500; H3BO3, 2.85; ZnSO, , 0.22; 
NazMoO, 2H2O, 0.12; CuSO, 55^0, 0.08; MnClg 3.62; 
FeCls 6H2O, 5.40; EDTA, 9. Deionized water was used in all 
nutrient medium preparation. KOH and HCl were use to adjust 
pH of the nutrient medium to 4.6. The nutrient medium was 
autoclaved for 20 minutes at 15 psi before use. 
The stock culture flasks were kept in a growth chamber 
at 28° C under continuous light with the average 
photosynthetic photon flux density of 236 uE m"^ s"^. The 
Lemna plants were transferred to flasks containing new 
nutrient medium every 7 days to maintain a healthy culture. 
The transferring procedure was done using culture loops 
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under aseptic techniques in a laminar flow hood. 
Before bioassay, the soil samples were thawed in the 
refigerator over night. In the next morning 15 g of each 
soil sample were put in 125 ml Erlenmeyer flask, and the 
flask was put in an ice bath to reduce microbial activities. 
Fifteen ml of autoclaved nutrient solution was pipetted into 
each flask and incubated for 30 minutes. The nutrient 
solution contained the identical composition as in the 
nutrient medium for stock culture. During the incubation 
period the flasks were hand-shaken every 10 minutes for 10 
seconds. At the end of the incubation period, the soil 
extracts were centrifuged with a Beckman Centrifuge Model-
J21C at 18,000 X gravity at 10° C. The supernatants were 
used for Lemna bioassay. 
A split-split plot in randomized complete block design 
was used with 6 replications. The main plots were + and -
residue soils. The sub plots were field treatments and 
control, namely; soil samples from (a) late (b) early (c) 
mid-season planted on May 15 (d) mid-seasom planted on June 
30 (e) mid-season planted on July 30 (f) oat strip 1 (g) oat 
strip 2, and (h) water-control. Three levels of 
supernatant, 0, 0.1, and 1.0 ml, were used as the sub-sub 
plots (Fig. 2). For water control, 0, 0.1, and 1.0 ml of 
deionized water were used. Due to the limitation in growth 
chamber space, soil samples from one field main plot (corn 
23 
or soybean) were tested, one field replication at one time. 
The supernatants were pipetted into wells of a 24-well 
tissue culture cluster dish (8.9 x 13.3 cm) according to 
treatments, either with 0, 0.1, or 1.0 ml. The final volume 
of each well was brought up to 2.6 ml by adding nutrient 
solution in volumes of 2.6, 2.5, or 1.6 ml into a well 
containng 0, 0.1, or 1.0 ml of supernatant, respectively. 
One Lemna plant consisting of three visible fronds was 
placed in each well'. The culture dishes were then closed 
and placed in the growth chamber under the conditions 
described previously. Due to the difficulty in gas exchange 
within the dishes after closing the lids, four lid supports 
were put into the corners of each dish before closing the 
lid. The supports increased the space between the culture 
dish and the lids. Thus, gas exchange was facilitated. To 
maintain high humidity within the growth chamber, large pans 
of water were placed on the floor of the growth chamber 
directly beneath the culture dishes. 
After 7 days of growth, the Lemna plants were removed 
and number of fronds was counted for individual wells. 
During the 7-day growth period half-strength nutrient 
solution was added to the wells as necessary to maintain the 
volume of nutrient solution. 
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Fig. 2. Illustration of treatment arrangement for Lemna 
bioassay; the two culture dishes represent one 
growth chamber replication. For either corn or 
soybean: L = late, E = early, M = midseason; 
5, 6, and 7 = May 15, June 30, and July; 0^, O2 = 
oat strip 1 and 2; control = water. The levels 
of supernatant were 1 = 0, 2 = 0.1, and 3 = 1.0 ml 
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Allelopathy in Intrarow Corn-Soybean Association 
To evaluate whether intrarow corn-soybean association 
in one year can increase yield of corn the next year, 
experiments with identical treatments were conducted. A 
split plot in randomized complete block design was used and 
replicated 2, 3, and 2 times at the Bruner, Burkey, and 
Woodruff Farms, respectively. The soil type at the Bruner 
Farm was a Webster (Typic Haplaquolls) silt loam and at the 
Burkey Farm was a Nicollet (Aquic Hapludolls)-Webster soil 
complex. At the Woodruff Farm, the soil type was a Webster 
soil. 
The cultural practices and management during 1983 and 
1984 at the Bruner and Burkey Farms are shown in Tables 4 
and 5, respectively. In 1983, at the Bruner and Burkey 
Farms, two nitrogen fertilizer levels of 0 and 158 kg N ha'i 
were used as the main plots. Three soybean cultivars, 
Bragg, Corsoy 79, and McCall with different maturity groups 
(VIII, II, and 00, respectively) were used in the 
experiments. These three soybean cultivars in combination 
with three soybean plant densities, 1, 2, and 3 plants per 
corn plant (Tables 4 and 5) which were planted in the same 
row of Pioneer 3707 corn and corn alone constituted the 10 
sub plot treatments. At the end of the growing season the 
field was marked for 1984 planting. 
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Table 4. Cultural practices and management during 1983 and 
1984 at the Bruner Farm 
Management Description 
Previous crop 
Land preparation 
Fertilization 
Herbicide 
Insecticide 
Planting date 
Harvesting date 
Corn hybrid 
Soybean cultivar 
Corns Bean ratio 
Oat was planted in 1982 without fer­
tilizer applied. 
Chisel plowed in fall 1982 and 1983. 
Disked and field cultivated in spring 
1983 and 1984. 
-1 -1 33.6 kg P ha and 101 kg K ha were 
applied in fall 1982. Two levels of N, 
0 and 168 kg N ha~^, were applied in 
spring 1983. None was applied in fall 
1983. In spring 1984, 224 kg N ha~^ 
was applied. 
Lasso 4E at the rate of 3.36 kg a.i. 
ha~^ was applied in spring of both 
1983 and 1984. 
No insecticide was applied in spring 
1983. Counter 20G at the rate of 1.12 
Kg a.i. ha"^ was applied in spring 1984. 
May 27, 1983; May 17, 1984 
September 1983; October 1, 1984 
Pioneer 3707 in 1983. Pioneer 3541 in 
1984 
Bragg, Corsoy, and McCall in 1983 
Intended: 1:1. 1:2, and 1:3 
Actual: 1:0.7, 1:1.3, and 1:1.8 
Corn 1 = recommended plant density 
= 54,362 plants ha~^ 
Soybean 1 = 35,830 plants ha_-
2 = 71,660 plants ha_. 
3 = 96,370 plants ha 
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Table 5. Cultural practices and management during 1983 and 
1984 at the Burkey Farm 
Management Description 
Previous crop 
Land preparation 
Fertilization 
Herbicide 
Insecticide 
Planting date 
Harvesting date 
Hybrids 
Soybean cultiva: 
Corn:Bean ratio 
Four years of continuous corn without 
N fertilizer applied. 
Chisel plowed in fall 1982 and 1983. 
Disked and field cultivated in spring 
1983 and 1984. 
67.3 kg P ha ^ and 67.3 kg K ha~^ in 
fall 1982. Two levels of N, 0 and 168 
kg N ha~^, were applied in spring 1983. 
None was applied in fall 1983. In 
spring 1984, 224 kg N ha~^ was applied. 
Dual 8E was applied at the rate of 3.36 
kg a.i. ha~^ in both 1983 and 1984. 
Counter 20G was applied at the rate of 
1.12 kg a.i. ha~^. 
May 27, 1983; May 17, 1984 
September 1983; October 3 & 4, 1984 
Pioneer 3707 in 1983, Pioneer 3541 in 
1984 
Bragg, Corsoy, and McCall in 1983 
Intended; 1:1, 1:2, and 1:3 
Actual: 1:0.8, 1:1.7, and 1:2.1 
Corn 1 = recommended plant density 
= 54,362 plants ha -1 
Soybean 1 = 43,700 plants ha 
2 = 89,625 plants ha' 
— 1 
-1 
3 = 115,050 plants ha' -1 
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In 1984, the field was planted to Pioneer 3541 corn. 
The following parameters were measured: 
1) plant height (cm) 
2) number of ears per plant (no) 
3) grain yield (kg ha'i) 
4) kernel weight (mg kernel"^) 
The identical treatments were set up at the Woodruff 
Farm in 1984, except for different nitrogen fertilizer 
levels and five control plots were used. Two nitrogen 
levels, 67 and 224 kg ha"^, were applied as main plots. The 
cultural practices and management during 1984 and 1985 are 
shown in Table 6. In 1985, the entire field was planted to 
Pioneer 3541 corn. Only corn plant height (cm) and grain 
yield were measured. 
Climatological Information 
Generally, the 19S3 growing season was characterized by 
a wet spring weather (March and May but not April) and a 
record-warm temperature during summer (Table Al, Appendix). 
A wet spring (April, May, and June) and very dry August were 
the marked aspects of weather conditions of the 1984 growing 
season. The mean temperature was cooler than normal 
temperature and warmer than normal temperature during spring 
and summer, respectively, in 1984. Contrastingly, the 1985 
growing season had a very dry spring and summer weather 
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Table 5. Cultural practices and management during 1984 and 
1985 at the Woodruff Farm 
Management Description 
Previous crop 
Land preparation 
Fertilization 
Herbicide 
Insecticide 
Planting date 
Harvesting date 
Corn hybrid 
Soybean cultivar 
Corns Bean ratio 
Corn was planted in 1983, no fertilizer 
vas applied. 
Moldboard ploved in fall 1983 and 1984. 
Disked in spring 1984 and 1985. 
-1 -1 57.3 kg P ha and 101 kg K ha in 
fall 1983. Tvo N levels, 57 and 224 kg 
N ha"l, vere applied in spring 1984. 
None vas applied in fall 1984. In 
spring 1985, 224 kg N ha~^ vas applied. 
Bladex 4L, 1.12 kg a.i. ha~^ + Dual 8E, 
2.24 kg a.i. ha~^ vere applied as pre-
planting incorporated in both 1984 and 
1985. 
Counter 20G at the rate of 1.12 kg a.i. 
ha"l in both 1984 and 1985. 
May 13, 1984; May 8, 1985 
November 5, 1984; November 4, 1985 
Pioneer 3707 in 1984, Pioneer 3541 in 
1985 
Bragg, Corsoy, and McCall in 1983 
Intended; 1:1, 1:2, and 1:3 
Actual: 1:1, 1:1.9, and 1:2.7 
Com 1 = recommended plant density 
= 54,352 plants ha~^ 
Soybean 1 = 54,530 plants ha~^. 
2 = 100,450 plants ha 
3 = 144,540 plants ha 
-1 
-1 
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(April to July). The mean temperature was warmer than 
normal and cooler than normal during spring and summer, 
respectively, of the 1985 growing season. 
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RESULTS AND DISCUSSION 
Field Allelopathy 
Corn and soybean, as the previous crops, did not 
significantly affect grain yield and kernel weight of the 
subsequent corn in both 1983/84 and 1984/85 experiments 
(Tables A2, Appendix and 7). Plant height of the subsequent 
corn but not the number of silked plants and number of ears 
per plant, was significantly affected by the previous corn 
and soybean in 1983/84 experiment. Although the crop effect 
on grain yield of the subsequent corn was not significant. 
Table 7 shows that generally the previous corn hybrid effect 
tended to be inhibitory and the previous soybean cultivar 
effect tended to be stimulatory. The previous soybean 
resulted in greater grain yield of the subsequent corn than 
the previous corn, but the difference (11, and 14% in the 
1985/84 and 1934/35 experiments, respectively) was not 
significant (Table 7). The result does not agree with many 
researchers who reported that generally corn after soybean 
yielded greater than corn after corn (Higgs et al., 1976; 
Slife, 1976; Welch, 1977; Barber, 1978; Hicks and Peterson, 
1981). Due to different direction and magnitude of effect 
of corn hybrid in this study, the mean main effect of crop 
was not significant. 
Table 7. Means of corn plant characters as affected by corn and soybean as 
the previous crops at the Agronomy Farm from the 1983/84 and 1984/85 
experiments^ 
1983/84 experiment 1984/85 experiment 
No, of No, of 
Previous Plant silked ears Grain Kernel Grain Kernel 
crop height plants plant"! yield weight yield weight 
Corn 97.2 b 115. 3 100.5 102,5 
00 CTl 95,9 99. 3 
Soybean 104.3 a 176.7 101.5 113. 5 103.5 109,9 95.8 
SE 0.41 14.0 0.3 4.4 1,9 6,3 0.3 
LSD(.05)b 1.9 62.9NS 1.4NS 19.8NS 8, 8NS 21,3NS 4.6NS 
LSD(.05)C 1.3 44. 5 1,0 14.0 6,2 15,1 3.3 
^eans followed by different letters are significantly different at the 
probability level of 0,05 as determined by the LSD test, in this and all subse­
quent tables where applicable. NS = not significant according to F-test, in this 
and all subsequent tables where applicable. 
^Least significant difference (P<0,05) between two treatment means, in this 
and all subsequent tables where applicable. 
'^Least significant difference (P<0.05) between a treatment mean and 100% 
(the value for the oat control plots). 
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When the mean values were compared to 100% for the oat 
control plots, the results reveal that the previous corn 
reduced plant height of the subsequent corn in the 1983/84 
experiment (Table 7). The previous corn affected the other 
characters of the subsequent corn in a similar manner as the 
oat control plots in both experiments. The previous soybean 
increased the subsequent corn plant height, as compared to 
the oat control plots, in the 1983/84 experiment only. 
In the 1983/84 and 1984/85 experiments, the previous 
corn hybrid and soybean cultivar effects on the subsequent 
corn were analyzed separately (Tables A3 and A4, Appendix). 
The result reveals that the subsequent corn yield was 
affected by the previous corn hybrids but not by the soybean 
cultivars in both experiments. The number of ears per plant 
was the only plant character significantly affected by 
soybean cultivar of the previous year. 
As expected, in the 1983/84 experiment, the late corn 
hybrid the previous year had the strongest inhibitory effect 
and reduced grain yield of the subsequent corn by 12%. The 
reduction did not significantly differ from the reduction 
(1.2%) by the mid-season corn hybrid planted on May 15 
(Table 8). In contrast, the early corn hybrid and the mid-
season corn hybrid planted on June 30 and July 30 increased 
grain yield of the subsequent corn 10, 9, and 7%, 
respectively (Table 8). However, the increases did not 
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significantly differ. The results meet the expectation that 
the late corn hybrid had the strongest inhibitory effect on 
the subsequent corn yield. Days to silking, plant height, 
number of ears per plant, and kernel weight were not 
affected by the previous corn hybrid. 
In the 1984/85 experiment, the early corn hybrid, mid-
season corn hybrid planted on May 15 and June 30, and the 
late corn hybrid of the previous year, reduced the 
subsequent corn yield by the same order of magnitude (7%) 
(Table 8). On the contrary, the mid-season corn hybrid 
planted on July 30 increased grain yield of the subsequent 
corn 5%. The July-planted hybrid exhibited the consistent 
stimulatory influence over the two experiments. The late 
corn hybrid, in contrast, showed the consistent inhibitory 
effect over the two experiments. In addition, the previous 
corn hybrid did not have any significant effect on kernel 
weight of the subsequent corn. Nevertheless, the trend of 
the corn hybrid effect on kernel weight was similar to the 
corn hybrid effect on grain yield. 
When compared with 100% for oat control plots, the late 
corn hybrid reduced the subsequent corn yield, whereas the 
early and June-planted mid-season corn hybrids increased 
yield of the subsequent corn in the 1983/84 experiment. 
However, in the 1984/85 experiment, the early. May- and 
June-planted mid-season, and late corn hybrids reduced grain 
Table 8. Corn hybrid effects on corn plant characters at the Agronomy Farm 
from the 1983/84 and 1984/85 experiments 
1983/84 experiment ; 1984/85 experiment 
Hybrid 
Plant 
height 
No. of 
silked 
plants 
Wo. of 
ears 
plant"! 
Grain 
yield 
Kernel 
weight 
Grain 
yield 
Kernel 
weight 
Early 97.0 118.5 101.2 110.0 a 100.6 93.9 b 99.2 
Mid-season 
May 15 98.3 119.0 101.2 98.8 be 96. 8 93.5 b 98.5 
June 30 97.9 115.6 100.1 109.0 ab 100.4 93. 1 b 97.6 
July 30 97.9 113.8 99.8 106.8 ab 100.1 105.4 a 102.2 
Late 95.1 109.7 100.1 88.0 c 91.3 93.5 b 99.1 
SE 1.0 6.1 0.6 3.5 2.5 2.4 1.1 
LSD(.05) 
LSD(.05) 
3.1 
2.2 
18.9NS 
13.4 
2. INS 
1.5 
10.9 
7.7 
7.8NS 
5.5 
7.5 
5.3 
3.4NS 
2.4 
^Least significant difference (P<0.05) between a treatment mean and 100% 
(the value for the oat control plots). 
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yield of the subsequent corn as compared to 100% of the oat 
control plots. 
Table 9 indicates that almost, all soybean cultivars of 
the previous year, in the 1983/84 experiment, increased the 
number of ears per plant except for the mid-season corn 
hybrid planted on June 30, which reduced the number of ears 
per plant. However, the increase or decrease in the number 
of ears per plant due to the effect of the previous soybean 
cultivars did not result in the increase or decrease in 
grain yield of the subsequent corn. The differences of the 
subsequent corn yield due to the effect of the previous 
soybean cultivars were not significant. Nevertheless, the 
trend was that the soybean cultivars had a stimulatory 
allelopathic influence on grain yield of the subsequent 
corn. The stimulation ranged from 11.5 to 16.5%. 
The 1984/85 experimental results show a similar trend 
to the 1983/84 experimental results but with a different 
magnitude. The previous soybean cultivar did not 
sigificantly affect grain yield of the subsequent corn. 
However, when compared with 100% (the value for oat control 
plots), all soybean cultivars increased grain yield of the 
subsequent corn in the 1983/84 experiment. In the 1984/85 
experiment, the May-planted mid-season soybean cultivar 
increased the subsequent corn yield. 
Table 9. Soybean cultivar effects on corn plant characters at the Agronomy Farm 
from the 1983/84 and 1984/85 experiments 
1983/84 experiment 1984/85 experiment 
Cultivar 
Plant 
height 
No. of 
silked 
plants 
No. of 
ears 
plant-1 
Grain 
yield 
Kernel 
weight 
Grain 
yield 
Kernel 
weight 
Early 105.0 178.5 100.5 be 116.5 106.0 102.5 97.0 
Mid-season 
May 15 104.7 178.6 101.9 ab 113.4 101.0 122.2 94. 8 
June 30 104.0 179.0 99.6 c 112.6 102.6 105.5 96.8 
July 30 104.1 166. 2 103.0 a 111.5 103.0 113.4 95.7 
Late 103. 8 181. 3 102.2 ab 115.5 104.6 106.0 94.7 
SE 1.0 6.3 0.6 4.1 2.0 7.8 1.5 
LSD(.05) 
LSD(.05)a 
4. 5NS 
3.2 
19.5NS 
13.8 
2.1 
1.5 
12.6NS 
8.9 
6. 3NS 
4.5 
24. INS 
17.0 
4.6NS 
3.3 
^Least significant difference (P<0.05) between a treatment mean and 100% 
(the value for the oat control plots). 
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The combined data analyses were carried out to evaluate 
the corn hybrid effect over experiments (Table A5, 
Appendix). The results indicate the significant effect of 
the previous corn hybrid on grain yield and kernel weight of 
the subsequent corn. The late corn hybrid and mid-season 
corn hybrid planted on May 15 decreased grain yield of the 
subsequent corn 9,3 and 3.8%, respectively, but the 
difference of the decrease was not significant (Table 10). 
The early corn hybrid and mid-season corn hybrid planted on 
June 30 and July 30 had a similar stimulatory effect on the 
subsequent corn yield, yet the effect was not strong (2, 1, 
and 6% stimulation, respectively). 
The late corn hybrid significantly reduced the kernel 
weight of the subsequent corn (Table 10). The reduction was 
significantly different from the early corn hybrid but not 
the mid-season corn hybrid planted on May 15 and June 30. 
The July-planted hybrid did not reduce the kernel weight of 
the subsequent corn. Instead, it slightly increased (1%) 
the kernel weight. The late corn hybrid reduced grain yield 
and kernel weight of the subsequent corn when the data were 
compared with 100% of the oat control plots. The July-
planted mid-season corn hybrid increased grain yield of the 
subsequent corn. 
The results from the 1983/84 and 1984/85 experiments 
and the combined data analyses agree with the results 
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Table 10. Corn hybrid effects on corn grain yield and 
kernel weight for the combined data of 1983/84 
and 1984/85 experiments at the Agronomy Farm 
Hybrid 
Grain• 
yield 
Kernel 
weight 
Early 
—  —  —  —  — "  
102.0 ab 99.9 a 
Mid-season 
May 15 96.2 be 97.6 ab 
June 30 101.0 ab 99.0 ab 
July 30 106.1 a 101.1 a 
Late 90.7 c 95.2 b 
SE 2.1 1.0 
LSD(.05) 
LSD(.05)^ 
6.3 
4.5 
4.0 
2.8 
^Least significant difference (P<0.05) between a treat­
ment mean and 100% (the value for the oat control plots). 
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reported by Hicks and Peterson (1981). They showed that 
grain yield of late Pioneer 3780 corn, when planted after 
itself, was less than when planted after soybean and other 
corn hybrids. The results from Hicks and Peterson (1981) 
and from this study suggest that the allelopathic effect of 
corn depends on the maturity group and the developmental 
stage of corn. The late maturing corn hybrid exhibited a 
strong inhibitory influence on the subsequent corn. The 
result was probably due to the genotype effect and the late 
corn hybrid has a larger plant size than the mid-season and 
early corn hybrids. For the mid-season hybrid, the longer 
the time allowed for corn to develop, the stronger the 
inhibitory allelopathic influence of corn on the subsequent 
corn. Similarly, the result may be explained by a larger 
plant size of the May-planted corn than the June- and July-
planted corn hybrids. The results from this study are also 
in line with Crookston (1982) in the sense that, depending 
on hybrid and maturity, the previous corn hybrid may 
increase yield of the different, subsequent corn hybrid. 
Corn and soybean residues did not have any significant 
effect on the subsequent corn plant characters measured in 
either 1983/84 or 1984/85 experiment (Tables A3 and A4, 
Appendix and Tables 11 and 12). However, corn residue had a 
tendency to slightly increase the subsequent corn yield as 
compared to no residue treatment in both experiments (Table 
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11). Table 12 shows that soybean residue did not 
significantly affect the subsequent corn yield in the two 
experiments studied. 
As compared with 100% of the oat control plots, corn 
residue did not affect grain yield of the subsequent corn in 
the 1983/84 experiment. In the 1984/85 experiment, when 
corn residue was removed, the subsequent corn yield was 
reduced (Table 11). For soybean, either the residue removed 
or incorporated, grain yield of the subsequent corn was 
greater than the oat control plots, in both experiments 
(Table 12). 
Since corn hybrid significantly affected grain yield of 
the subsequent corn in the two experiments studied, the 
combined data analyses were performed. No corn residue 
effect was observed and its effect did not differ from the 
oat control plots (Table A5, Appendix and Table 13). The 
results may imply that the allelochemicals may be already 
present in the soil before the residue was incorporated into 
the soil. Rice (1974) indicated the four pathways of 
releasing the allelochemicals from living plant were: (a) 
abscised leaves and plant parts, (b) volatilizing 
substances, (c) root exudation, and (d) leaching from the 
top parts. Addition of crop residue did not significantly 
increase the amount of allelochemicals in soil. The results 
disagree with most of the reports that corn residues had a 
Table 11. Corn residue effects on corn plant characters at the Agronomy 
Farm from the 1983/84 and 1984/85 experiments 
1983/84 experiment 1984/85 experiment 
No. of No. of 
Plant si Iked ears Grain Kernel Grain Kernel 
Residue height plants plant"! yield weight yield weight 
+ residue 96. 3 118.4 100.1 104.4 98.2 97.2 99.9 
- residue 98.1 112.2 100.8 100.7 97.4 94.6 98.7 
SE 0.6 4.4 1.9 3.4 1.1 1.8 0.6 
LSD(.05) 1.9NS 13. 2NS 4.0NS 10.2NS 3.4NS 5.3NS 1.9NS 
LSD(.05)3 1.3 9.3 2.8 7.2 2.4 3.8 1.3 
^Least significant difference (P<0.05) between a treatment mean and 100% 
(the value for the oat control plots). 
Table 12. Soybean residue effects on corn plant characters at the Agronomy 
Farm from the 1983/84 and 1984/85 experiments 
1983/84 experiment 1984/85 experiment 
No. of No. of 
Plant silked ears Grain Kernel Grain Kernel 
Residue height plants plant" yield weight yield weight 
+ residue 104.0 177.1 101.4 115.0 103.8 107.4 95.6 
- residue 104.7 176.3 101.5 112.8 103.2 112.4 96.0 
SE 0.5 13.5 0.9 2.0 H
 
O
 
2.4 
00 o
 
LSD(.05) 1.7NS 40.7NS 2.6NS 7. 8NS 4. INS 7. 3NS 2.5NS 
LSD(.05)^ 1.2 28. 8 1.8 5.5 2.9 5.2 1.8 
^Least significant difference (P<0.05) between a treatment mean and 100% 
(the value for the oat control plots). 
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significant impact on grain yield of the following crops. 
During June and July of 1984 and 1985, the Pioneer 3732 
corn showed a noticeable phosphorus deficiency symptom in 
all plots. The symptom persisted for 30 days, then 
disappeared, and the corn plants were able to recover from 
the slightly stunted growth. Soil samples were taken during 
July 1985 and subjected to soil analysis for available 
phosphorus. The analysis was done at the Soil Testing 
Laboratory, Agronomy Department, Iowa State University, 
Ames, Iowa. The results are shown in Table A5, Appendix. 
The available phosphorus at the experimental site was 
sufficient to support corn growth throughout the growing 
season. The phosphorus deficiency symptom in this study was 
similar to the phosphorus deficiency symptom of corn planted 
following fallow. Occasionally farmers plant corn following 
fallow and experience severe early growth problems of corn 
(Fixen et al., 1984). Starter phosphorus has corrected the 
early growth problems in the past studies. However, no 
increase in grain yield of corn was reported. The answer to 
what effect the fallow soil had on the phosphorus response 
of corn remained unknown. 
45 
Table 13. Corn residue effects on corn grain yield and 
Kernel weight for the combined data of 1983/84 
and 1984/85 experiments at the Agronomy Farm 
Grain• Kernel 
Residue yield weight 
+ residue 100. 8 98.6 
- residue 97.6 98.5 
SE 1.9 0.6 
LSD(.05) . 5.5NS 1.8NS 
LSD(.05)^ 3.9 1.3 
^Least significant difference (P<0.05) between a treat­
ment mean and 100% (the value for the oat control plots). 
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Lemna Bioassay 
To detect the allelochemicals released into the soil by 
the previous crops, the soil samples were taken, extracted, 
and subjected to Lemna bioassay. Table A7, Appendix shows 
the analyses of variance of Lemna growth, in terms of frond 
numbers, as affected by the previous crops: corn, oat, and 
soybean with water treatments being the control. The 
results from both 1983/84 and 1984/85 experiments indicate 
that corn, oat, and soybean, as the previous crops, had a 
significant allelopathic effect on Lemna growth. In the 
1983/84 experiment, soybean stimulated whereas corn 
inhibited Lemna growth, as compared to the water-control 
(Table 14). Oat had a lower frond number than the control 
but the difference (1.2 fronds) was not significant. The 
converse was true in the 1984/1985 experiment. Soybean 
inhibited whereas corn stimulated Lemna growth, as compared 
to the control. Since the results of the crop effect from 
the two experiments studied were inconsistent, no conclusion 
can be made. 
Crop residue, corn hybrid, soybean cultivar, and amount 
of soil extract effect on Lemna growth were evaluated. The 
frond numbers of Lemna, as affected by the extract from soil 
planted to corn and soybean were analyzed separately (Table 
A8, Appendix). Neither the crop residue, corn hybrid, nor 
soybean cultivar effect on Lemna growth was detected in 
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Table 14. Mean frond numbers of Lemna as affected by-
different treatments at the Agronomy Farm 
for 1983/84 and 1984/85 experiments 
Treatments 
Frond number 
1983/84 1984/85 
Crops 
Water control 
Corn 
Oat 
Soybean 
47.5 (288)' 
43.7 (720) 
46.3 (575) 
49.3 (720) 
-no. 
37.9 (288) 
40.7 (720) 
36.2 (576) 
31.2 (720) 
SE for corn and soybean 0. 6 
SE for water control 0.9 
SE for oat 0.6 
0. 8 
1.2 
0.9 
LSD(.05) 1.7 2.8" 
Clumbers in parentheses are the numbers of observations. 
^Applicable only to corn and soybean. LSD(.05) for 
control vs corn or soybean = 2.24 and 2.87 for 1983/84 and 
1984/85 experiments, respectively. LSD(.05) for control vs 
oat = 2.31 and 2.96 for 1983/84 and 1984/85 experiments, 
respectively. LSD(.05) for oat vs corn or soybean = 1.80 
and 2.31 for 1983/84 and 1984/85 experiments, respectively. 
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either the 1983/84 or 1984/85 experiment (Table 15). 
Nevertheless, Lemna growth was significantly affected by the 
amount of extract from soil planted to corn and soybean in 
the 1983/84 experiment. Only the amount of extract from 
soil planted to corn in the 1984/85 experiment affected 
Lemna growth. The crop residue by soil extract interaction 
for corn and soybean, in 1983/84 and 1984/85 experiments, 
respectively, was evident in the data for the frond number 
of Lemna. 
As expected, 1.0 ml of extract from soil planted to 
corn in both the 1983/84 and 1984/85 experiments were both 
inhibitory to Lemna growth as compared to 0.1 and 0.0 
(control) ml. Unexpectedly, in the 1983/84 experiment, 1.0 
ml of extract from soil planted to soybean inhibited Lemna 
growth. The extract from soil planted to soybean in the 
1984/85 experiment did not affect Lemna growth as compared 
to control. The conflicting results between the 1983/84 and 
1984/85 experiments are unexplainable. Nevertheless, the 
Lemna bioassay indicates the presence of inhibitors in soil 
planted to corn and soybean, because the extract effect was 
significant. 
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Table 15. Mean frond numbers of Lemna as affected by dif­
ferent corn and soybean treatments at the 
Agronomy Farm for 1983/84 and 1984/85 experiments 
Frond number 
1983/84 1984/85 
Treatments Corn Soybean Corn Soybean 
Residues 
+ residue 43.2 
- residue 44.1 
SE 0.7 
LSD(.05) 2.INS 
Maturity 
Water control 44.2 
Oat strip #1 42.8 
Oat strip #2 43.7 
Early 44.0 
Mid-season 
May 15 43.5 
June 30 43.6 
July 30 43.9 
Late 43.3 
SE 0.5 
LSD(.05) 1.8NS 
Extracts (ml) 
0.0 44.1 a 
0.1 44.0 a 
1.0 42.9 b 
SE 0.2 
LSD(.05) 0.5 
49.0 41.8 32.0 
49.8 40.4 31.5 
0.5 0.7 1.1 
1.5NS 2. INS 3.2NS 
50.7 42.4 33.4 
49.4 40.5 30.9 
49.2 42.0 31.4 
49.2 41.0 31.9 
49.2 39.8 31.0 
48.3 41.5 31.5 
49.4 40.9 31.5 
49.7 40.5 32.1 
0.5 0.7 0.5 
1.3NS 1.9NS 1.7NS 
50.1 a 41.7 a 31.9 
49.8 a 41.5 a 31.7 
48.3 b 40.1 b 31.5 
0 . 2  0 . 2  0 . 2  
0.5 0.6 0.5NS 
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Allelopathy in Intrarow Corn-Soybean Association 
Situation may exist where a cereal grain crop is a 
prime crop for human consumption and continuous planting of 
the cereal crop is necessary. In such a situation, a 
stimulatory allelopathic influence of a crop planted in 
association with the cereal crop in the first year may be 
beneficial to the cereal crop in the following year. 
Therefore, the study on an intrarow corn-soybean planting 
system was established. Table A9, Appendix shows the 
analyses of variance of the subsequent corn plant characters 
as affected by nitrogen fertilizer levels and corn and 
soybean treatment combinations at the Bruner Farm. None of 
the corn plant characters measured was significantly 
affected by either nitrogen fertilizer levels or corn and 
soybean treatment combinations (Tables 15 and 17). No 
residual effect of nitrogen fertilizer from the previous 
year was recovered (Table 16). Soybean planted with two 
plants per corn plant using Bragg and Corsoy 79 cultivars 
and planted one plant of McCall per corn plant tended to 
increase the subsequent corn yield (Table 17). However, the 
increase in grain yield was not significantly aifferent, as 
compared to the check plot, or the continuous corn without 
soybean association. 
The main effect of soybean cultivar and corn to soybean 
ratio on grain yield of the subsequent corn were evaluated. 
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Table 16. Plant height, number of ears plant" , grain 
yield, and kernel weight of corn as affected by 
nitrogen fertilizer levels at the Bruner Farm 
Nitrogen 
level 
Plant 
height 
at harvest 
No, o f 
ears 
plant -1 
Grain 
yield 
Kernel 
weight 
kg ha ^ 
0 
168 
SE 
LSD(.05) 
cm 
234.0 
233.1 
3.9 
59.3NS 
0.97 
0.95 
0 .0 2  
0.33NS 
kg ha~^ 
7,888 
8,052 
59.7 
1,073NS 
mg kernel 
407.6 
412.2 
11.1 
29.6NS 
-1 
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Table 17. Responses of plant height, number of ears plant 
grain yield, and kernel weight of corn to the 
previous crops at the Bruner Farm 
-1 
Previous 
crop 
Plant 
height 
at harvest 
No. of 
ears 
plant" 
Grain 
yield 
Kernel 
weight 
cm kg ha ^ NIG _1 kernel 
Corn - 3707 234.7 0.87 8,115 401.0 
Corn:Bragg 1:1 
1:2 
1:3 
233.4 
230.1 
234.4 
0.93 
1.04 
0.92 
7,496 
8,480 
7,577 
412.0 
421.0 
405.8 
Corn: Cor soy 1:1 
1:2 
1:3 
236.4 
234.9 
234.1 
1.02 
0.97 
0.94 
7,344 
8,527 
8,033 
395.0 
400.0 
417.1 
Corn:McCall 1:1 
1:2 
1:3 
231.5 
233.4 
232.5 
0.97 
0.93 
0.96 
8,596 
7,325 
7,906 
418.0 
414.8 
414.5 
SE 2.2 0.03 604 9.1 
LSD(.05) 6.5NS O.IONS 1,795NS 27. INS 
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The results were shown in Table AlO, Appendix. Soybean 
cultivar and corn to soybean ratio did not affect grain 
yield of the subsequent corn (Tables 18 and 19). 
Nevertheless, planting Corsoy 79 cultivar in association 
with corn the first year slightly increased grain yield of 
the subsequent corn as compared to McCall and Bragg soybean 
cultivars (Table 18). Planting corn to soybean at the ratio 
of 1:2 slightly increased grain yield of the subsequent corn 
as compared to 1:3 and 1:1 corn to soybean ratios (Table 
19). 
Neither the results at the Burkey Farm nor at the 
Woodruff Farm showed a significant effect of nitrogen 
fertilizer levels, corn and corn-soybean treatment 
combinations, soybean cultivar, and corn to soybean ratio on 
grain yield of the subsequent corn. The results at the 
Burkey Farm shown in Appendix Table All and Table 20 
indicate that no residual effect of nitrogen fertilizer was 
recovered. Corn-soybean treatment combinations did not 
affect any corn plant characters of the subsequent corn. 
However, planting Bragg, Corsoy 79, and McCall cultivars at 
1, 2, and 3 plants per corn plant, respectively, tended to 
increase the subsequent corn yield as compared to control 
(Table 21) 
Appendix Table A12 indicates that soybean cultivar and 
corn to soybean ratio did not significantly affect the 
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Table 18. Soybean cultivar effects on corn plant characters 
at the Bruner Farm 
Previous 
crop 
Plant 
height 
at harvest 
No. of 
ears 
plant"^ 
Grain 
yield 
Kernel 
weight 
cm kg ha~^ nig _i kernel 
Bragg 232.5 0.97 7,884 412.9 
Corsoy 79 235.1 0.97 8,002 403.9 
McCall 232.5 0.95 7,976 415.8 
SE 1.2 0.02 370 5.3 
LSD(.05) 3.5NS 0.06NS 1,109NS 15.9NS 
Table 19. Corn to bean ratio effects on 
acters at the Bruner Farm 
corn plant char-
Corn;Bean 
ratio 
Plant 
height 
at harvest 
No. of 
ears 
plant" 
Grain 
yield 
Kernel 
weight 
cm kg ha ^ "ig -1 kernel 
1:1 233.8 0.97 7,846 408.3 
1:2 232.8 0.98 8,144 411.8 
1:3 233.7 0.94 7,872 412.5 
SE 1.2 0.02 370 5.3 
LSD(.05) 3.6NS 0.06NS 1,109NS 15.9NS 
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Table 20. Plant height, number of ears plant" , grain 
yield, and kernel weight of corn as affected by 
nitrogen fertilizer levels at the Burkey Farm 
Nitrogen 
level 
Plant 
height 
at harvest 
No. of 
ears _ Grain Kernel 
plant" yield weight 
kg ha ^ 
0 
168 
SE 
LSD(.05) 
cm 
230.4 
228.5 
0.5 
3. INS 
1.00 
0.99 
0.09 
0.05NS 
kg ha~^ 
6,999 
6,543 
188 
1,146NS 
nig -1 
kernel 
412.8 
411.5 
7.9 
48.3NS 
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Table 21. Responses of plant height, number of ears plant" , 
grain yield, and kernel weight of corn to the 
previous crops at the Burkey Farm 
Plant No. of 
Previous height ears Grain Kernel 
crop at harvest plant"! yield weight 
cm kg ha"^ mg _] kernel 
Corn - 3707 233.0 1.01 6,587 405.9 
Corn;Bragg 1:1 
1:2 
1:3 
230.5 
230.4 
230.2 
1.00 
0.97 
1.05 
7,111 
6,771 
6,784 
399.6 
413.5 
414.0 
Corn;Corsoy 1:1 
1:2 
1:3 
228.4 
225.8 
231.4 
0.98 
1.01 
1.00 
6,501 
6,948 
5,725 
398.4 
416.4 
422.5 
Corn:McCall 1:1 
1:2 
1:3 
226.0 
229.4 
228.9 
1.01 
0.97 
1.00 
5,500 
5,525 
7,059 
407.2 
437.0 
405.8 
SE 2.0 0.02 270 11.4 
LSD(.05) 5. 8NS 0.05NS 775NS 32.7NS 
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subsequent corn plant characters measured. Nevertheless, 
Bragg soybean cultivar had a tendency to increase the 
subsequent corn yield more than did Corsoy 79 and McCall 
cultivars (Table 22). Additionally, planting 3 soybean 
plants per corn plant tended to increase grain yield of the 
subsquent corn more than 2 and 1 soybean plants per corn 
plant (Table 23). 
Similarly, at the Woodruff Farm, significant effect of 
nitrogen fetilizer levels and corn-soybean treatment 
combinations were not observed (Table A13, Appendix). 
Recovery of the residual nitrogen effect was not found 
(Table 24). Table 25 reveals that planting Bragg, Corsoy 
79, and McCall cultivars at 3, 1, and 1 plants per corn 
plant increased grain yield of the subsequent corn. 
However, the differences were not significant as compared to 
control. The significant effect of soybean cultivar and 
corn to soybean ratio did not exist (Appendix Table A14). 
Nevertheless, Corsoy 79 cultivar seemed to increase grain 
yield of the subsequent corn greater than did Bragg and 
McCall cultivars (Table 26). 
Seemingly, planting soybean 1 and 3 plants per corn 
plant stimulated grain yield of the subsequent corn greater 
than 2 plants per corn plant. The response of the 
subsequent corn yield to different treatments among the 
Bruner, Burkey, and Woodruff Farms was inconsistent. 
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Table 22. Soybean cultivar effects on com plant characters 
at the Burkey Farm 
Soybean 
cultivar 
Plant 
height 
at harvest 
No. of 
ears 
plant"]-
Grain 
yield 
Kernel 
•weight 
cm kg ha"^ kernel 
Bragg 230.4 1.00 6,889 409.0 
Corsoy 79 228.9 0.99 6,725 412.4 
McCall 228.1 0.99 6,728 416.7 
SE 1.1 0.01 152 6.4 
LSD(.05) 5. INS 0.07NS 1,709NS 70.2NS 
Table 23. Corn to bean ratio effects on 
acters at the Burkey Farm 
corn plant char-
Com; Bean 
ratio 
Plant 
height 
at harvest 
No. of 
ears ^ 
plant" 
Grain 
yield 
Kernel 
•weight 
cm kg ha ^ kernel 
1:1 228.3 1.00 6,704 401.8 
1:2 228.9 0.98 6,781 422.3 
1:3 230.2 1.01 6,856 414.1 
SE 1.1 0.01 152 6.4 
LSD(.05) 3.0NS 0.03NS 420NS 20.8NS 
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Table 24. Plant height and grain yield of corn as affected 
by nitrogen fertilizer levels at the Woodruff 
Farm 
Nitrogen Plant height 
level at harvest Grain yield 
kg ha cm kg ha 
57 159.9 5,870 
224 165.4 6,927 
SE 17.6 835 
LSD(.05) 16.2NS 2,427NS 
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Table 25. Responses of plant height and grain yield of 
corn to. the previous crops, at the Woodruff Farm 
Previous Plant height 
crop at harvest Grain yield 
cm kg ha""^ 
Corn - 3707 161.3^ 6,022^ 
Corn:Bragg 1:1 162.8 6,307 
1:2 160.8 6,766 
1:3 166.3 6,829 
Corn:Corsoy 1:1 163.3 7,388 
1:2 162.5 6,135 
1:3 169.5 7,379 
Corn:McCall 1:1 163.5 6.631 
1:2 161.3 5,928 
1:3 161.0 6,108 
SE 9.7^ 705^ 
LSD(.05) 9.1NS^ 2,051NrS^ 
^Average of twenty observations. 
^SE for corn - 3707 = 1.4 cm and 315 kg ha~^ for plant 
height and grain yield, respectively. 
^ot significant according to F-test and not applicable 
to comparing Pioneer 3707 corn and the other treatments. In 
such case, LSD(.05) = 7 cm and 1,589 kg ha~^ for plant 
height and grain yield, respectively. 
Table 26, Soybean cultivars and corn to bean ratio effect on corn plant height 
and grain yield at the Woodruff Farm 
Previous 
crop 
Plant 
height 
at harvest 
Grain 
yield 
CorniBean 
ratio 
Plant 
height 
at harvest 
Grain 
yield 
cm kg ha~^ cm kg ha~^ 
Bragg 163. 3 6,634 1:1 163.2 6,775 
Corsoy 79 165. 1 6,967 li2 161.5 6,277 
McCall 161.9 6,223 1:3 165.6 6,772 
SE 1.9 327 1.9 327 
LSD(.05) 5.7NS 981NS 5.7NS 981NS 
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Because the results are diverse, generalization on the 
effect of corn-soybean treatment combinations on grain yield 
of the subsequent corn is very difficult to draw. 
Nevertheless, evidence from the study may suggest that at a 
location, certain soybean cultivar could be beneficial to 
the subsequent corn when planted in association with corn 
the previous year. The density of soybean should be large 
enough to increase corn grain yield the next year but should 
not significantly reduce grain yield of corn in association. 
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SUMMARY AND CONCLUSIONS 
The results from field allelopathy experiments 
indicated that, when averaged across hybrid and cultivar, 
corn and soybean did not significantly affect grain yield of 
the subsequent corn. The data from either corn or soybean 
was analyzed individually and the results revealed that corn 
hybrid had a strong inhibitory effect on grain yield of the 
subsequent corn. Late corn hybrid as well as mid-season 
hybrid planted on. May 15 expectedly exhibited the strongest 
inhibition. Early hybrid and mid-season hybrid planted on 
June 30 and July 30 slightly increased the subsequent corn 
yield and the July planted hybrid showed the stronger 
effect. 
The developmental stage of corn the previous year 
affected grain yield of the subsequent corn. The mid-season 
corn hybrid planted on May 15 reduced grain yield whereas 
the same hybrid planted on July 30 increased grain yield of 
the subsequent corn. The effect of the mid-season hybrid 
planted on June 30 was in between the hybrid planted on May 
15 and July 30 and was slightly stimulatory. 
Soybean cultivars did not differ in their effect on the 
subsequent corn yield. However, they all seemed to increase 
grain yield of the subsequent corn. 
A significant effect of corn and soybean residues was 
not observed in this study. Both corn and soybean residues 
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seemed to slightly increase the subsequent corn yield, 
although the result was not significant. 
The results from the Lemna bioassay is difficult to 
interpret due to the diversity of the results. In the 
1983/84 experiment, corn inhibited Lemna growth whereas 
soybean stimulated. The reverse was true in the 1984/85 
experiment. Neither crop residue, corn hybrid, nor soybean 
cultivar showed a significant effect on Lemna growth. In 
addition, the highest concentration of the soil extracts 
from both corn and soybean plots inhibited Lemna growth. 
An attempt to increase grain yield of the subsequent 
corn by planting soybean in the same row of corn with 
different corn to soybean ratios in the previous year was 
unsuccessful. Interestingly, at some management practices, 
the increase in grain yield of the subsequent corn was 
evident, although it was not significantly different from 
the control. 
In conclusions, the studies suggest that yield 
difference of corn in the continuous corn, as compared to 
corn following soybean, is mainly due to the inhibitory 
effect of the previous, late corn hybrid. The inhibitory 
effect of corn depends primarily on genotype, maturity 
group, and developmental stage of corn at the end of a 
growing season. The result was also associated with plant 
size of corn. Late corn hybrid, which has larger plant 
65 
size, has a stronger inhibitory effect on the subsequent 
corn yield than mid-season corn hybrid. Although the effect 
of the previous soybean cultivars on the subsequent corn 
yield could not be detected statistically, the results 
reveal that soybean cultivars have a similar stimulatory 
effect on the subsequent corn yield. Soybean cultivars 
resulted in greater grain yield of the subsequent corn than 
the oat control plots. The Lemna bioassay should be 
improved before using to detect allelochemicals. Intrarow 
corn-soybean planting may be utilized to increase grain 
yield of the subsequent corn. 
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APPENDIX 
Table Al. Total monthly precipitation (P) and average monthly temperature (T) for three years at 
the Iowa State University Agronomy and Agricultural Engineering Research Center, 
Boone, Iowa 
1983 1984 1985 
Month P..T P T P T 
mm 'C mm »C mm "C 
Jan 22.1 (+3.3)* -3.9 (+4.3) T3.0 (-6.0) -8 .0 (+0.2) 8.9 (-9.9) -8.9 (-0.7) 
Feb 19.8 (-4.6) -1.3 (-3.4) 20.6 (-3.6) 0 .9 (+5.6) 23.6 (-0.8) -6.2 (-1.5) 
Mar 93.2 (+40.6) 2.1 (+0.9) 29.7 (-22.9) -1 .6 (-2.8) 57.9 (+5.3) 5.3 (+4.1) 
Apr 80.0 (-6.4) 6.4 (-3.6) 173.5 (+87.1) 8 .9 (-1.1) 30.7 (-55.7) 13.2 (+3.2) 
May 157.7 (+46.7) 13.7 (-3.0) 128.5 (+17.5) 14 .9 (-1.8) 32.0 (-79.0) .18.5 (+1.8) 
Jun 231.7 (+101.9) 21.7 (+0.2) 167.1 (+37.3) 22 .5 (+1.0) 86.1 (-43.7) 20.1 (-1.4) 
Jul 97.3 (+9.7) 25.1 (+1.5) 86.4 (-1.3) 22 .9 (-0.3) 35.6 (-52.0) 23.2 (-0.4) 
Aug 106.7 (+7.9) 25.8 (+3.4) 7.7 (-90.9) 23 .5 (+1.1) 129.0 (+30.2) 20.9 (-1.5) 
Sep 80.8 (-7.6) 18.7 (+0.9) 101.4 (+19.8) 17 .7 (-0.1) 102.4 (+20.9) 18.3 (+0.5) 
Oct 158.8 (+100.1) 11.2 (-0.8) 93.5 (+33.5) 11 .8 (-0.0) 82.0 (+23.3) 11.2 (-0.6) 
Nov 138.4 (+104.7) 3.4 (+0.5) 52.3 (+18.5) 3.9 (+1.0) 10.2 (-23.6) -1.7 (-4.6) 
Dec 8.9 (-13.0) -13.1 (-8.9) 43.2 (+21.3) -2 .8 (+1.4) 32.5 (+10.8) -11.5 (-7.3) 
Total 1195.1 (+390.1) 915.7 (+110.7) 630.9 (-174.0) 
^Figures in parentheses give departure from 30 years mean (1951-1980). 
Table A2, Analyses of variance^ of corn plant characters as affected by the 
previous crops at the Agronomy Farm from the 1983/84 and 1984/85 
experiments 
1983/84 experiment 
Mo. of No, of 
Source of Plant silked ears Grain Kernel 
variation df height plants plant" yield weight 
% 
Rep 3 23.7** 29,243 2.5 561 113.7 782 41.3 
Crop 1 1000.9** 75,430 19.0 2589 633.5 3931 248.2 
Rep X crop 3 6.9 7,819 3.9 771 151.0 895 41.0 
Residual 72 5.8 453 3.5 91 26.8 161 7.1 
Overall mean 100.7 146 101.0 108 100.6 103 97.6 
cv(%) 2.64 6. 09 4.94 12.45 5.50 9.17 . 3.36 
^ean squares in this and all subsequent appendix tables. 
**Significant at the 0.01 probability level, in this and all subsequent 
tables. 
1984/85 
experiment 
Grain Kernel 
yield weight 
Table A3, Analyses of variance of corn plant characters as affected by corn 
hybrids as the previous crop at the Agronomy Farm from the 1983/84 
and 1984/85 experiments 
1983/84 experiment 1984/85 
experiment No. of No. of 
Source of Plant silked ears Grain Kernel . Grain Kernel 
variation df height plants plant"! yield weight yield weight 
% 
Rep 3 2.7 3672** 6.3 1116** 127.5 68 8. 3 
Hybrid (H) 4 13.4 116 3.3 682** 126. 8 227* 24.4 
Error a 12 8.1 301 3.5 100 50.7 47 10.0 
Residue (R) 1 31.7 390 5.3 134 7.0 71 11.7 
H X R 4 1.6 255 18.2 145 39.0 69 1.4 
Error b 15 8.1 386 35.1 230 25.1 61 7.5 
Overall mean 97.2 115 100.5 103 97.8 96 . 99. 3 
cv(%) 2.92 17.03 5.89 14.81 5.11 8.17 2.77 
•Significant at the 0,05 probability level, in this and all subsequent 
tables. 
Table A4. Analyses of variance of corn plant characters as affected by soybean 
cultivars, as the previous crop, at the Agronomy Farm from the 1983/84 
and 1984/85 experiments 
1983/84 experiment 
No., of No. of 
Source of Plant silked ears Grain Kernel 
variation df height plants plant" yield weight 
Rep 3 27.7 33,390** 0.16 215 137.2 1610 74.0 
Cultivar (C) 4 2.2 286 14.77* 33 30.0 507 9.3 
Error a 12 17.0 320 3.56 133 33.2 489 18.7 
Residue (R) 1 4.6 5 0.02 52 3.5 247 1.3 
C X R 4 3.4 5,536 5.10 36 40.1 410 6.2 
Error b 15 6. 1 3,367 14.71 132 36.1 117 13.9 
Overall mean 104. 3 176 101.5 114 103.5 110 . 95.8 
cv(%) 2.37 34.13 3.78 10.09 5.80 9.83 3.89 
1984/85 
experiment 
Grain Kernel 
yield weight 
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Table A5. Analyses of variance of corn grain yield and 
kernel weight as affected by corn hybrids, as 
the previous crop, for the combined data of 
1983/84 and 1984/85 experiments at the Agronomy 
Farm 
Source of Grain Kernel 
variation df yield •weight 
Yr 1 
%-
876 44.9 
Rep (Yr) - error a 6 592 67.9 
Hybrid (H) 4 558** 83.4* 
Yr X H 4 352** 67.8 
H X Rep (Yr) 24 73 30.4 
Residue (R) 1 201 0.3 
Yr X R 1 5 18.3 
H X R 4 155 23.7 
Yr X H X R 4 58 16.7 
Residual - error c 30 146 16.3 
Overall mean 99 98.6 
CV(%) 12.18 4.09 
Table A6, The result of soil analysis for available phosphorus (AP) from soil 
taken from the Agronomy Farm during July 1985 
Field 
replication 
Soil 
depth 
Plots 
to 
planted 
corn 
Plots 
to so 
planted 
lybean 
Plots 
to 
planted 
oats 
PH AP pH AP pH AP 
cm kg ha ^ kg ha"l kg ha-1 
1 0 -15.2 5.35 78 5.70 100 5.85 105 
15. 2-30.5 5.75 55 6.05 81 6.25 66 
2 0 -15.2 5.30 74 5.50 90 5.50 87 
15. 2-30.5 5.80 43 5.90 67 5.85 46 
3 0 -15.2 5.20 80 5.40 80 5.55 76 
15. 2-30.5 5.90 48 5.95 57 6.05 45 
4 0 -15.2 5.80 82 6.20 105 6.25 93 
15. 2-30.5 6.20 52 6.52 73 6.40 55 
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Table A7. Analyses, of variance of frond numbers obtained 
from Lemna bioassay for allelochemicals from soil 
at the Agronomy Farm from 1983/84 and 1984/85 
experiments 
Source of 
vari ation 
Frond numbers 
df 1983/84 1984/85 
Block (B) 23 1,480** 2,008** 
Residue (R) 1 407 507 
B X R - error a 23 297 542 
Crop 3 370** 10,273** 
R X Crop 3 24 29 
Error b 138 267 438 
Extract (E) 2 501** 154* 
R X E 2 37 80 
Crop X E 6 33 42 
R X Crop X E 6 27 15 
Error c 2096 37 33 
Overall mean 46.5 36.4 
CV(%) 13.03 19.92 
\ 
Table A8, Analyses of variance of frond numbers from Lemna bioassay for allelo-
chemicals of the extracts from soil planted to corn and soybean at the 
Agronomy Farm from 1983/84 and 1984/85 experiments 
Source of 
Frond numbers 
1983/84 1984/85 
variation df Corn Soybean Corn Soybean 
Block (B) 23 2073** 1040** 1970** 3283** 
Residue (R) 1 218 188 521 81 
B X R - error a 23 304 171 309 680 
Maturity (M) 7 26 65 106 91 
R X M 7 54 58 34 94 
B X E X M - error b 322 57 33 64 55 
Extract (E) 2 187** 324** 290** 9 
R X E 2 54* 3 39 54* 
M X E 14 25 12 20 . 11 
R X M X E 14 22 19 13 8 
Residual - error c 736 17 16 20 14 
Overall mean 43.6 49.4 41.1 31.7 
cv(%) 9. 38 8.05 10.91 11.78 
00 
o 
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Table A9. Analyses of variance of corn plant characters 
at the Brianer Farm . .. 
Source of 
variation df 
Plant 
ht at 
harvest 
No. of 
ears ^ 
plant" 
Grain 
yield . 
Kernel 
•weight 
cm kg ha~^ mg _ kernel 
Rep 
N83 
Error a 
1 
1 
1 
0.2 
7.1 
297.0 
0.0034 
0.0036 
0.0066 
6,039,543 
267,436 
71,310 
21,114.0 
207.0 
2,464.9 
Cultivar 
N83 X C 
Error b 
(C) 9 
9 
18 
12.8 
31.0 
19.9 
0.0029 
0.0027 
0.0043 
1,050,956 
1,438,350 
1,460,154 
316.5 
668.4 
331.8 
Overall 
mean 233.6 0.96 7,970 410.0 
CV(%) 1.91 6.89 15. 16 4.44 
Table AlO. Analyses of variance of soybean cultivar and corn to bean ratio 
effects on corn plaint characters at the Bruner Farm 
Source of 
variation df 
Plant 
ht at 
harvest 
No. of 
ears 
plant" 
Grain 
yield 
Kernel 
weight 
cm kg ha~^ mg kernel" 
Rep 1 10.0 0.0039 5,250,677 20,865. 8 
N83 1 0.3 0.0074 475,502 583.2 
Error a 1 299. 3 0.0104 60,401 2,609.5 
Soybean cultivar (Soy) 2 26.2 0.0014 45,490 460.7 
CorntBean ratio (Ratio) 2 3.7 0.0056 327,815 58.9 
Soy X Ratio 4 12.6 0.0097 2,154,718 365. 3 
N83 X Soy 2 6.9 0.0015 748,162 72.2 
N83 X Ratio 2 20.6 0.0017 1,502,272 328.7 
N83 X Soy x Ratio 4 46.6 0.0025 2,012,108 1,027.8* 
Error b 16 17.0 0.0044 1,641,637 336.1 
Overall mean 233.4 0.96 7,954 411.0 
cv(%) 1.77 6.92 16.11 4.46 
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Table All. Analyses of variance of 
at the Burkey Farm 
corn plant characters 
Plant No . of 
Source of ht at ears • Grain Kernel 
variation df harvest plant-]- yield weight 
cm kg ha~ 1 mg kernel -1 
Rep 2 178. 6 0. 0006 966, 151 471. 7 
N83 1 44. 0 0. 0002 3,124, 469 22. 3 
Error a 2 7. 8 0. 0018 1,063, 145 H CO
 
CO
 
CTl
 9 
Cultivar (C) 9 26. 4 0. 0031 270, 957 790. 3 
N83 X C 9 12. 5 0. 0016 383, 093 714. 6 
Error b 36 24. 2 0. 0021 437, 822 779. 2 
Overall mean 229. 5 1. 00 6, 771 412. 0 
CV(%) 2. 14 4. 54 9.77 6. 77 
Table A12. Analyses of variance of soybean cultivars and corn to bean ratio 
effects on corn plant characters at the Burkey Farm 
Plant No. of 
Source of ht at ears Grain Kernel 
variation df harvest plant"! yield weight 
cm kg ha ^ mg kernel 
Rep 2 143.9 0.0004 833,032 264.3 
N83 1 29.3 0.0005 2,970,224 84.1 
Error a 2 12.4 0.0024 1,419,367 2,394.6 
Soybean cultivar (Soy) 2 24.9 0.0007 158,442 264.4 
Corn:Bean ratio (Ratio) 2 17.4 0.0044 104,061 1,921.2 
Soy X Ratio 4 18. 1 0.0042 466,572 640.2 
N83 X Soy 2 24.0 0.0023 378,786 34. 8 
N83 X Ratio 2 21.9 0.0008 445,326 654.0 
N83 X Soy x Ratio 4 3.3 0.0019 444,492 797.3 
Error b 32 22. 8 0.0021 417,141 742.1 
Overall mean 229. 1 1.00 6,780 413.0 
CV(%) 2.09 4.55 9.53 6.60 
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Table A13. Analyses of variance of corn plant height and 
grain yield at the Woodruff Farm 
Source of 
variation df 
Plant 
height at 
harvest Grain yield 
cm kg ha~^ 
Rep 1 311.1 501,143 
N84 1 412.5 15,631,953 
Error a 1 864.3 19,501,404 
Cultivar (C) 13 35.7 1,297,030 
N84 X C 13 39.0 1,340,558 
Error b 25 38.8 1,990,574 
Overall mean 152.6 6,399 
CV(%) 3.83 22.05 
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Table A14. Analyses of variance of soybean cultivar and 
corn to bean ratio effects on com plant height 
and grain .yield at the .Woodruff Farm 
.Plant 
Source of height at 
variation df harvest Grain yield 
cm kg ha~^ 
Rep 1 354.7 1,079,705 
N 1 90.3 10,248,522 
Error a 1 342.3 5,019,153 
Soybean cultivar (Soy) 2 10.3 1,570,189 
Corn:Bean ratio (Ratio) 4 50.5 988,145 
Soy X Ratio 4 23.5 973,155 
N X Soy 2 55.3 2,749,425 
N X Ratio 2 45.8 419,090 
N X Soy X Ratio 4 5.7 1,552,343 
Error b 16 43.5 1,285,282 
Overall mean 153.4 1,285,282 
CV(%) 4.04 17.15 
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Derivation of the LSD for comparing a treatment mean 
and 100% (oat control plots) in the field allelopathy study 
at the Agronomy Farm; 
Generally, the t statistic is calculated as 
1YI - Yzl - E(yi - 72 
^.05 
+ (sVn2) 
where: 
y^ and y2 = means of treatments 1 and 2, respectively 
E(y^ - = the expectation of the difference between 
treatment 1 and 2 (=0) 
2 
s = variance of a treatment mean 
n^ and n2 = number of observations of treatments 1 and 
2, respectively. 
If = n2, therefore; 
r?! - 72! - 0 
^.05 
^2 s^/n 
LSD = t Q^^2sVn (1) 
In this study, y^ = any treatment mean 
y2 = 100% 
E(yi - ?%) = 0 
therefore: 
y. - 100 
LSD = 
= LSD in (1) 
